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Specification 
nctataf lunation 

Fuel Supply Control Variable Cylinder System 
Claim(s) 

1. A fuel supply control typt variable cylinder system for multi-cylinder engines equipped with a fuel 
supply system and a variable cylinder control circuit that permit partial cylinder titration by shutting off 
the supply of fuel to a specified group of cylinders from the fuel supply sy stam depending on engine load, 
comprising a thre^way catalyst and a fust oxygen sensor located in ibe exhaust passage of Hie active 
cylinder group: a thiee-way catalyst and a secoudoxygensensoi located in the merged passage where the 
exhaust passage of the inactive cylinder group meets the downstream of the exhaust passage mentioned 
above: a selection circuit thai selects the output of die first oxygen senior under partial cylinder operation 
or the output of ihe second oxygen sensor under full cylinder operatbm depending on sbutHiff of the 
variable cylinder system circuit mentioned above; a temperature delation means that detects ibe temperature 
of the three-way catalyst in the merged passage; and an air-fticl ratio control ciicuit in which the fuel 
supply signal nmrioned above terminates the sbnt-off operation when the temperature detection mewa 
detects lhat the temperature is below a specified value, while intenupting the air-fuel ratio control that 
controls the fuel supply signal in such a manner so as to make the air-fuel ratio bet mine equal to the 
stoichiometric value. 

2. The fueUupplyuniirrol type variable cylinder system described in claim L a unique feature of which 
is that (he temperature detection means mewknied above represents acirmitthat determines the tempenmiie 
by defecting that one portion of said fuel supply signal is shut olT and that the output of the second oxygen 
sensor is higher than a specified value. 

UetaQed Explanation of the Invention 

This invention concerns a fuel supply control type variable cytiniW system engine equipped with a three- 
way catalyst in the exhaust system to feedback-control rhft air-fuel ratio; in particular, a system in which 
degradation of the exhausr emission control operation is prevented by resuming rhe full cylinder operation 
whenever the catalyst temperature decreases. 

neuerally speaking, engine ftiel ecouomy tends to improve when die engine is operated under » l«avy 
load condition. This is The reason the variable cylinder engine concept was developed for multi-cylinder 
engines to stop rite fuel supply to one group of dm cylinders under a light engine load so that the relative 
load per each of the remaining cylinders can be increased leading to improved fuel economy under 1 ight 
load conditions. 

On the other hand, frum the standpoint of exhaust emission control measures, there is a well known 
system in which a three-way catalyst is installed in the engine exhaust system, upstream of which »" 
exhaust sensor (oxygen sensor) is installed. In this system, the air- fuel ratio is feedback-cuutiollcd to 
become approximately equal to the stoichiometric value based on the output pf this exhaust sensor in 
order to achieve high efficiency oxidaiinn of IIC and CO concurrently with reduction of NOx. 

When this air-fuel ratio control system is employed with a variable cylinder engim? , when a cylinder 
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esult s *oxygcn,cn~rout^^ 
sysfcmtotnatetfcaJr-fuel^^ 

p^Ttoe cylinders tW ore always active * weU «5 in th. merg* exhaust P*sage * whtch tfc 
^ pa^el from the active cyluafer* and -cuve eylW- arc iomed. When 

JL the exb^.^fromth.^vecyliBdeisp-^ .^th.alr-n.e.m.ooftboepn^tiooe,!^ 
ga.app.nx^tebrcquiUtothes.oicWnicvalue. Intton.,nncr.thcsy5t«m<a 1 xac. h ,eve & oodiucl 
ecouomv and emission control at the same time. , . t 

cyHnacr operation 1 J. too* time. H» exhaust e .as temperature .ends «o become low uader tlasc 
con^ 

'CfaTfceenglaerrsun^^^ 

,o achieve good reaction at the downstream three-way catalyst whi.:h reS ulu in partial d*^oa of .» 

exhau^miuioncnnttolp^onnnnce^^^ 

uphinafteruhasfcendnvenona^ 

1„ order to eliminate this type of problem, thete b» ve been measures such a* msudUng temperature 
,0*0* in the thw-wey catalysts in the exhaust passes. Whenever the»e temperance sex^orsde,^ a 
decree in catalyst tcmporurura below a specified value, the variable cylinder control ^ mode m 
interruptedto restored full cylindermode and expedite a quick mcreasem catalyst temperature. lh» 

n^ure.howev^requimaspeci^ 
Thereis^ujthcrmeaauwinwhichalow^g^tcmperaturacondU 

tem^ahaeandiniem^^ 

„„lve the problem when th* full cylinder operation is resumed, and tend* to lower engine response 
characteristics. 

Mor*»>wsi in the air-fuel ratio feedback control system mentioned al.ove. similar to the three-way 
catalyst, the output characterise of the oxygen sensors also lend to fluctuate and deviate from the 
proportionally with respect to the oxygen concentrate when. ts temperature is deem ucd, resulting* 

toipalrmeui of ±c feedback control accuracy. 

In orderto address tws problem, anonnal procedure is to "elxntp" the feedbook signal to mau.tain the 
air-fuel ratio at attxed v alue » thai feedback control or the air-mel ratio can be temporarily mtenupted 
whentoeteu-j-eratuieestimatedtom^ 
value. 

Based onSwAbariqrmumL this inventkm isdesigned to assure the exhaust cmissionmntrol performance 
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nf a variable cylinder engine to control the air-rurj ratio based on the output u f the oxygen sensor, which 
is located near the eihauat inlet of the three-way catalyst tor the partially active cylinders, and which has 
similar tempemuirt: characteristics as those of the three-way catalyst temperature. When the downstream 
oxygen sensor temperature decrt*** below a specified value, feedback control of the air-fuel ratio is 
bternrpted while at the same time the variable cylinder control system operation is also interrupted to 
restore tuU cylinder oration. With this method, the three way cainlyit temperarure can be quickly 
increased by rhe combustion exhaust from all cylinders to prevent a decrease in the three-way catalyst 
ttmpwtttuTc so that the good exhaust emission control operation can be maintained. The purpose of This 
invention is to introduce a fuel supply type variable cylinder engine thar will achieve the performance 
explained above. 

Next, awnrViug example of this invention is presented using illustrations. 

Number 1 represents the enguw body, while fl-f3 are iuactrvc cylinders, the operation of which is 
stopped during the lighr load umdhion as explained later, and f4 - f 6 arc cylinders that are always actiw. 
Numbers 2a - 2f represent fuel injection valves installed in the intake prats of these cylinders . while 3 is 
an Intake pipe, 4 athxottle valve, J an intake air flow sensor, and 6a and 6b are ejehanst pipes for cylinder 
groups fl - f3 andM- f6,icspoctivcly. 7 is a three-way catalyst installed In exhaust pipe 6b, and 8 is an 
oxygen sensor installed near the inlet of this three-way catalyst. 9 is a three-way catalyst installed in a 
inergedpipe, 6, between exhaust pipes 4a and 6b. while 1 0 is an »*y S en sensor installed near the inlet of 
tfaw-way catalyst % 

As described later, the air-fuel ratio control circuit, 12. receives the output of oxygen sensors 8 and 10 
as input through a selection relay, il T that performs the switching anion based on the signal from a 
variable cylinder control circuit, 16, which b explained later. As ilepicted in Fifi. 2, ftir-rvftl ratio control 
circuit 12 is comprised of a comparator, 13, which compares the sensor output with the comparison 
standard voltage; a siandaid voltage setting device, 1 4, that outputs standard voltage corresponding to the 
stoichiometricuuT-fael ratio; a correction waveform generation cirri m, 16, that receives base pukes from 
a terminal, 15; a low catalyst temperature detector, 17, ihat defects the low temperature condition of 
oxygen sensor 10; and * damp circuit, 20. which clamps (sets the our fuel rario fcalback valve at a 
specified valve irrespective of the outputs of oxygen sensors 8 or 10) the feedback control value by 
receiving the low temperature signal from defector 1 7, and by receiving the full-throttle signal at the « ime 
nf a fully open output and the fhel-cut signal at the time of deceleration from terminals 1 ft and 1 9. 

A fuel injection control circuit (EGl circuit), IJ.d^tennines the amount of fuel injection based on the 
air-fuel ratio control signal from air-fuel ratio control circuit 1 2, and i he s [goals from intake airflow sensor 
5 am I rpm sensor 2 1 . Although the imtput of the EGl circuit is applied directly to fret injetf ion valves 2d 
- 2f. it is applied to other fuel injection valves 2a - 2c through a variable cylinder 'control circuit (VCS 
circuit, bereafir . ), 1 6. When a light load condiriou is detected by this VCS circuit 1 6, the fuel supply to 
fuel injection valves 2a - 2c is shut off making cylinders f 1 ~ 13 inactive. At the same time, rhe system is 
designed cuch chat section relay 1 1 is switched to rhe side of oxygen sensor 8. which is exclusively 
provided fui active cylinders f4 - ft> by the same signal generated by ihe VCS circuit 1 6 to decrease the 
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^ecoLycanbcun^^ 

Lfc pu.sc width sening device. 24 and 25, ft. output the pulse setting value (W^ W 
^ponding to tl* heavy and Ugh: k>ad conditions as eetnparisou standard ^ 5 ; an e, S ^n 

. A«vira 1 7 it icmncCtcd to tttC input of ^ R ClTCUtt 31, 

other wonls. since low temperature detccttng device 17 is ..onnecco to un P 

die circuit « configure* such that the partial cylinder deactivation command from VCS cucmt * 

cancelled when the temperature of oxygen sensors 8 and 1 0 U low. 

~ . .he operation ot this Invent is explained. Fig. 3 chow, ^^^T^^ 
pulse width (W) are inthe finder operation region In this condttton. as exp atued 

Lloffup-flepSOmttoVCSc^^^^ 

in other Lis. the system is in the full finder mode. After this, jetton relay U 
receivtng,l*oum«of-OR"cu^ 

c^tt 12. The output uf comparer 13. whieh spares d. oxygen conce„uaaonu,«ha exh.uat g» 
^U.isfcdbackmEGIc^ 

the atandard pulse at corn^iou wavefomgenerarioncu.uitl6.Tomu 

convex approximately to .he stoichiometric value so that three-way c»»W 10 (He) can functjou 
conecUy.vIentheen^^^ 

,„ shift toth<3 cylinder regie, indicated in Fig. 3. the output .«vclof flip 30 beC °^ ° 

opcn^couttttionorcyl^^ 

oLtsrtesigud'^indie^ 

Output of "OR" circuit 31 become* "0.» closing the gate of "AMD" ctrcuit 32. At the same tmc. 
selection relay 1 1 is d^uergized by the output "XT of "OR" circuit 31. and is w 
oxygen sensor 8 side as indicated in Fig. 2 so that ,1« system is controlled m such a way that three-way 
catalyst 7 in the active cylinder group side consisting of cylindets « -t« can exhibit high conversion 
efficiency. 

WhenthU partial cyliuderoperauoncondltloncooun.^ tor u long time, orduriug the engine waiming- 
up peri.-l.thc exhaust gas temperaune entering the catalyst decreases. Tfthetcmp M attnx,be<»»nies so low 
that catalyst* andoxygenser™ lOcanno longer function pn.perly. law ten^ratu* detector 17 output* 




the levr.1 w r signal to fore* rbe feedback signal to ass..mc the "clamp" condition through clamp circuit 
20. When the "clamped:* signal value is applied to EGI circuit 13, the air-fuel ratio is controlled to hold at 
a specified fixed value. In this case, however, the control accumuy becomes slightly lover than in the 
case of feedback control, resulting in the situation that the function of three-way catalyst 9 tends ro 
b*cnrne degraded. In order to cud thia condition as ipickly as possible, It is best to resume full cylinder 
operation. To comply with thia requirement, in this invention, the output of tow temperature detector 17 
u input co 1 'OR" circuit 3 1 to make cylinilers f 1 - £3 active whenever the low temperature detection signal 
(level u l w signal) is output, regardless of the output fed of flip-flop 30. As a result of this forced 
restorarion of full cylinder operation, when the exhaust temperature increases gradually to restore the 
function of tbxw-way catalysts 7 and 10 (sir), and as long as the engine is in the light load condition 
during this periud. the system is switched back to the 3-cylinder operation mode, pro vided that the clamp 
signal is retracted. 

Next, the operation of VCS ehxuit 16 is briefly described here. Since the output of EGI circuit 1 5 is 
directly applied to fuel injection valves 2d - 2f Am cylinders fi - f6, tbe cylinder jyoup consisting f4~ f 6 
is always in the active state. Although other cylinders f 1 - H me in tbe acxive state *s long as "AND" 
circuit 32 gate is open* t&ey assume tbe inactive state when the output level of flip-flop 30 becomes "0" 
and low temperature drtector 17 is not generating the detection signal (output of "0"), In other words, 
when the detention signal is output, cylinders fl - 13 retain the acrt vc state even when the output level of 
flip-flap N "0." Moreover, the output level of flip-flop 30 become* "1" when pulse width (W) is stealer 
than die standard (Wg) or when rpm (N) is lower than the standard value (No) (die 6-cyIiader region in 
Fig. 3), and it become* D" when pulse width (W) becomes lower than tbe standard ( W t ) and rpm (N) 
becomes higher dian the standard (No) (the 3-cyiinder region in Fig. 3). Since the "set" input terminal or 
flip-flop 10 is connected to -OR" circuit 28, and the •T#set M input terminal of flip-flop 30 is connected to 
'AND" circuit 29, the region indicated by "maintain the same number of cy linden" in Fig. 3 is formed. 

As explained above, according to this invention, it is possible to always maintain a high catalytic 
conversion efficiency of the three-way catalyst since the variable cylinder control is interrupted when the 
oxygen sensor is at the temperature condition under which ir does not function properly, and full cylinder 
operation is maintained even under the light load condition to achieve a rapid temperature increase in the 
entering exhaust gas to restore the three-way catalyst function. Compared with the system in which 
variable cylinder control is performed by detecting engine coolant temperature, since ui this invention 
variable cylinder control is peifonned by detecting the low temperature condition of the oxygen sensor 
that is sensitive to ternperature change, it is possible to obtain accurate controls having good response 
charaxmrisiics. Another effect is that the system configuration is wit complicated and is tern expensive . 
Brief Explanation of Figures 

The figures show one working example of this invention. Figure 1 Is a simplified configuration diagram 
of tun overall system, fr ig. 2 is a block diagram of the control system, and Fifi. 3 explains the variable 
cylinder control pattera. 
f i ~ (6. . . Cylinders 
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2 a - 21 . . . Fiml Injection Valves 
S and 10. . . Oxygen Sensors 
12. . . Air-Fuel Ratio Control Ciicuit 
15... Fuel Injection Omnol Circuit 
\6... Variable Cylinder Control Circuit 
17. . Tjow Temperature Detw:tor 
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7. Description of Amendment 

lV*Claim(s)"onpa S e 1 or2uf Siwcixlcation^haUbeanwwledas follows: 

LA fuel supply control type variable cylinder system for multi-cylipder engines equipped with a furl 
supply system and a variable, cylinder system control circui. that permit partial cylinder operate by 
snuttlng off the supply of fuel to a specked group of cylinders from tr* fuel inpply >ystcnn depending on 
engine load, comprisinc a three-way catalyst and a firs t o^n sensor located iathe exnaust passage nf 
ttaactweylindwspiiv 



when, tb» exhaust pas *aee of inactive cylinder group meet* the dowueiream ot the exhaust F^" 6 e 
mentlonfidaboYc; asekctioudtcuitibat selects the output of the Hut oxygen sensor under p.iial cylinder 
o,*rationor the output of ttes^nd oxygen sensor under full cylinder opexatici. depending «« the thut- 
off of the variable cyliuder ayatom eircuft mentioned above: a temperature detection meant that delects 
the temperature of the three-way catalyst in the merged passage; wA an air-fuel ratio control circuit 

detection means detects that the temperature is below a specified value, while interrupting the air-fuel 
ratio controllhat connols ibefuel supply signal in aiwnner so as to make the air.fijcl ratio become equal 
to the stoichiometric value. 

2. The fuel supply control type variable cylino^ system deicribwl in claim l.aunique feature ofwhicb 
is that iia temperature drteaiinimeans mentioned abov* rq.rescnto a oseuitih" determines the ttmpenuun>. 
bydetectulcthat«iiei»raonofth*fuelsupplysig^ 
sensor b Wghcr than a specified value," 
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